We investigate the relation between the radio (F r ) and optical (F o ) flux densities of a variety of classes of radio transients and variables, with the aim of analysing whether this information can be used, in the future, to classify such events. Using flux density values between 1-10 GHz and the optical bands V and R, we build a sample with a total of 12,441 F r and F o measurements. The sample contains both Galactic objects, such as stellar sources and X-ray binaries, and extragalactic objects, such as gamma-ray bursts and quasars. By directly comparing the two parameters, it is already possible to distinguish between the Galactic and extragalactic populations. Although individual classes are harder to separate from the F r -F o parameter space to a high accuracy, and can only provide approximations, the basic approach provides an already useful foundation to develop a more accurate classification technique. In addition, we illustrate how example objects from different classes move in the parameter space as they evolve over time, offering a feature that could be used to reduce the confusion between classes. A small, blind test of the classification performance is also undertaken using a catalogue of FIRST transient and variable sources, to demonstrate the advantages and current limitations of the approach. With more multi-wavelength data becoming available in the future, we discuss other classification techniques which the F r -F o method could be combined with and potentially become an important part of an automatic radio transient classification system.
INTRODUCTION
The next generation of radio telescopes will survey the radio sky to unprecedented levels. This has the potential to uncover a wide variety of radio transient and variable phenomena, from both expected, and unexpected, origins. In recent years various large area surveys dedicated to searching for such radio sources have been carried out (e.g., Ofek et al. 2011; Williams et al. 2013; Rowlinson et al. 2016; Mooley et al. 2016 ) with some utilising the first wave of new instruments such as the upgraded Karl G. Jansky Very Large Array (VLA; Perley et al. 2011 ), and at low frequencies, the Low Frequency Array (LOFAR; van Haarlem et al. 2013) and the Murchison Widefield Array (MWA; Tingay et al. 2013 ). These will shortly be joined by a group of new cenemail:adam.stewart@sydney.edu.au timetre wavelength instruments such as MeerKAT (Booth & Jonas 2012) , ASKAP (Johnston et al. 2008) and Apertif/WSRT (Oosterloo, Verheijen & van Cappellen 2010) . Lastly, the Square Kilometre Array (SKA; Dewdney et al. 2009 ) in the 2020s, has the potential to uncover thousands of transients (Metzger, Williams & Berger 2015; Fender et al. 2015) . At optical wavelengths, surveys such as the Palomar Transient Factory (PTF; Rahmer et al. 2008; Rau et al. 2009; Law et al. 2009 ) and those using the Pan-STARRS1 telescope (Tonry et al. 2012) have produced a high yield of transient sources (e.g. Drout et al. 2014; Cenko et al. 2015 , and the Pan-STARRS1 survey for transients currently lists over 10,000 transient sources since 2013 1 ). The future Large Synoptic Survey Telescope (LSST; Ivezic et al. 2008) will view the optical sky to an unprecedented level of detail. The quality of images combined with a fast survey speed and a wide field of view could result in an estimated 10 million events per night (Bloom et al. 2012; Kantor 2014) .
Our aim in this paper is to produce an initial analysis of the photometric properties of radio transients and variables along with their optical counterparts -providing a foundation to classify blindly discovered radio sources. In this work we consider radio transients that are found in the image-plane. These are usually incoherent synchrotron events that can be both Galactic, such as flare stars (though flare stars largely start to be dominated by coherent emission 5 GHz; Bastian 1990) , and extragalactic such as gammaray bursts and supernovae (we refer the reader to Metzger et al. 2015 and Fender et al. 2015 for reviews of radio transient sources). We also consider radio pulsars -an example of coherent emission. Historically, a handful of radio transient events have been discovered through blind surveys (e.g. Levinson et al. 2002; Gal-Yam et al. 2006; Ofek et al. 2010; Bower et al. 2007; Frail et al. 2012; Stewart et al. 2016) , however, discoveries that are only detected in the radio make identifying the class of the transient object challenging. Although information can be gained from the nature of the radio emission itself, for example the time-scale of the event (Pietka, Fender & Keane 2015) , the use of simultaneous or rapid multi-wavelength follow up data becomes crucial in order to establish the type of the transient source in question. This was demonstrated by Mooley et al. (2016) where the authors used various multi-wavelength follow-up, primarily optical in cohesion with PTF, to identify transient and variable sources detected in a 50 deg 2 pilot survey at 3 GHz with the VLA. On the optical side, we note that we primarily consider optical point-like sources since they account for the vast majority of the variable and transient populations and for the uniformity they offer. Though radio transient sources can appear behind extended optical objects which may offer clues as to their classification, but on the other hand, confirming the association between the two can be challenging.
The likely high number of radio transient events in the SKA era means that detailed follow-up of every event will be implausible. This means that rapid classification techniques will be necessary such as the ones widely utilised in optical surveys (Saglia et al. 2012; Djorgovski et al. 2012) . These commonly involve machine learning algorithms based upon light-curve features ) and other measurements such as optical colour (Mahabal et al. 2011) . Automatic classification has also been investigated at X-ray wavelengths, e.g. Lo et al. (2014) used random forest algorithms to define a classification of X-ray variable sources based upon features derived from time series, spectra and multi-wavelength catalogue data (also see Farrell, Murphy & Lo 2015) . In the radio, attempts have been made to classify objects based upon light-curve features and the previously mentioned time-scale of the event (Rebbapragada et al. 2012; Pietka et al. 2017) . However, the need to rapidly classify objects has not been a requirement for radio transient astronomy, with efforts instead focussed on the rapid detection of events. We aim to provide the foundation that will lead to a similar system developed in the radio and optical parameter space.
Our selection of the radio-optical properties is due to the growing number of robotic optical telescopes such as the Liverpool Telescope (Steele et al. 2004) in the northern hemisphere, SMARTS 2 in the south, and projects such as the Las Cumbres Observatory Global Telescope Network (Brown et al. 2013) . We expect rapid, or simultaneous, optical follow-up to be the most abundant for radio transients. This is in addition to present and future optical catalogues (e.g. the Sloan Digital Sky Survey (SDSS; Eisenstein et al. 2011 ) and LSST). For rapid classifications we also aim to only use basic properties of observations that are easily obtainable -the raw radio and optical flux density measurements of the observed object that would avoid expensive spectroscopic campaigns for a preliminary classification. A project that is very applicable to the above scenario is the MeerLICHT telescope 3 . It is a robotically operated 65 cm telescope with a 2 deg 2 field of view that will follow MeerKAT observations and provide simultaneous optical coverage.
We first construct a sample of radio and optical flux density values of known radio transient and variable objects, which is described in Section 2. This is followed by Section 3 which shows the results that are discussed in Section 4 along with the exploration of the transient diagnostic application of the data. We finish with our conclusions in Section 5.
DATA COLLECTION & METHODS
We collected radio and optical flux density measurements of various types of transient objects from the literature. We define these as F r and F o respectively throughout this paper. The classes of object for which data were gathered were as follows: quasar, stellar, radio pulsar, cataclysmic variable (CV), X-ray binary (XRB), gamma-ray burst (GRB) and supernova (SN). We only consider detections of objects at both wavelengths and currently include no upper limit values. In cases where no tabled observational data was available, measurements were obtained from light-curve figures using WebPlotDigitizer 4 . We also note that because of how the sample is constructed, i.e. from many different sources, the sample will inevitably be very biased. At this early stage of the project we do not attempt to un-bias the dataset due to the complexity of the task. We discuss such issues in Section 4.
Measurement selection criteria
Requiring many different classes of objects meant collecting data from a range of projects, all done with different methods, instruments and data quality. Hence, we decided upon following a selection criteria to provide a useful sample in terms of size and quality. In the optical case we concentrated on gathering V and/or R band measurements. The two bands were found to be the most common, and for our purposes were considered valid to be used interchangeably. If both were available then R was used and if only an SDSS-r band measurement was available for a source, we recorded it as R -we assume that the difference is negligible compared to the scatter created by using both V and R. Nearly all optical magnitudes obtained were recorded in the JohnsonCousins BV RI system, with the exception of optically selected quasars which were gathered from the SDSS survey in the r band, which is considered to be in the AB system, four GRBs and one SN. As the quasars are by far the dominant class and the preference to work in the AB system, we account for this by converting all Johnson-Cousins magnitudes to the AB system using the offsets as defined by Frei & Gunn (1994) (specifically the author's table 2). Any sources that were collected in the SDSS-r filter were not converted. We also do not account for extinction on optical magnitudes to mimic values obtained directly from the telescope.
The F r measurements selected were in the frequency range of 1-10 GHz. Using a large portion of the radio bandwidth meant that the dataset would be useful for a range of common radio frequencies -given the overall aim of providing a classification to radio sources. The large range also meant that a sizeable sample could be created. We believe the range of frequencies does not have a negative effect on our initial investigation as discussed further in Section 4.
In addition, all the populations can experience rapid flux density variations, hence, the timing between the F r and F o measurements was also important. Ideally, simultaneous measurements are required, with our definition of 'simultaneous' for the purposes of this work meaning recorded ≤ 1 d apart. However, while possible with some classes, the data did not exist for others. This is particularly true for quasars and stellar sources due to the use of existing catalogues to obtain the measurements. Simultaneous measurements for pulsars were also found to be too rare, so non-simultaneous measurements were used.
There is also the issue of whether the objects are in a quiescent or transient/flaring state when the flux density measurements are recorded. For example, classes such as GRBs and SN are always in a 'transient' state, where as stellar and quasar sources can be seen as 'quiescent' that can display flaring behaviour. This will create extra biases in our sample, e.g. some classes may be dominated by flaring objects as this is what has originally triggered the observations of the source. Though sources in a flaring state are also those more likely to be discovered as a 'new source' transient object, which are the primary focus of this work. Throughout the description of the sample we clarify what states we believe the sources to be in, or give the exact nature where possible. The two classes where catalogues have been used, the quasars and stellar sources, we assume to be dominated by sources in a quiescent state, as neither catalogue had any selection criteria suggesting otherwise (see the following Sections 2.2 and 2.3). Given that these classes are dominant objects in the sky, we somewhat consider them as a measure of the 'background'. We also attempt to be consistent in our selections of what enters the final result for other classes (e.g. using radio peak measurements for flaring objects) and we also address this issue by exploring how transient objects evolve over time in the F r and F o domain (Section 2.8).
The following sections give a summary of data collected for each class of object, with Table 1 showing the final total number of measurements gathered for each class. Where applicable, the references for the individual measurements can be found in Appendix A along with distance measurements, and in the cases of SN and GRB, the age of the transient when the used measurements were recorded. Fig. A1 shows the distributions of the radio frequencies and optical bands used for each class in the sample. In addition, the redshift, or distance, distributions for the large samples of quasars, stellar sources and GRBs are also shown in Figs. A2, A3 and A4 respectively.
Quasars
We used two different selection methods to populate our quasar sample. First, we selected quasars which had been classified as such through their optical properties, and second, a sample of quasars which had been defined by their radio properties.
Optically selected
Two versions of the SDSS quasar catalogue were used: the Seventh Data Release quasar catalogue (DR7QC; Schneider et al. 2010 ) and the Ninth Data Release quasar catalogue (DR9QC; Pâris et al. 2012) . The DR7QC consisted of data from the SDSS-I and SDSS-II surveys (York et al. 2000) and contains 105,783 entries, where as the DR9QC was compiled using SDSS-III (Eisenstein et al. 2011 ) and contains 87,822 quasars. The two catalogues contain cross-matches to the VLA FIRST 1.4 GHz survey (resolution of 5 .4; White et al. 1997) and record the peak F r . These are matches within 2.0 of the SDSS quasar position, and are likely to be cores of the galaxy. If any quasars were present in both the SDSS catalogues, then only the information from the DR9QC was used. In total, 11,062 optically selected quasars are included in our sample. Combining the two SDSS quasar catalogues provided us with a diverse range of objects, particularly in redshift, z, as this is the main difference between the two. The DR9QC was built using data from the Baryon Oscillation Spectroscopic Survey of SDSS-III (BOSS; Dawson et al. 2013) , which targeted over 150,000 z > 2.15 quasars. This resulted in DR9QC containing 2.6 times more quasars at z > 2.15 than the DR7QC, for which the majority of quasars were at z < 2.15 (see Fig. A2 for the QSO sample redshift distribution). We note that some of the optical quasars may have been originally identified as such by the presence of a radio counterpart, but for our purposes we define them as 'optically selected'.
We use the r band magnitude from the SDSS survey which we assume to be already in the AB magnitude system hence no conversion is applied. We also note that the 1 mJy limit of the FIRST survey used in this class is a significant limiting factor for the project, however it remains the best source of defining the radio properties of the quasar population. The consequences of the limit are discussed further in Sections 3 & 4 along with how we would expect the population to appear beyond the 1 mJy limit.
Radio selected
The basis of our radio selected sample was the Parkes Catalogue (Wright & Otrupcek 1990 ), where we selected any object identified as a quasar or a BL Lacertae. For each object, the F r at 5 GHz was obtained (1.4 GHz data was poorly sampled), and using SIMBAD, we gathered V and/or R photometry measurements when available. Assuming a resolution of 3.3 arcmin for Parkes (D = 64 m) at 5 GHz, we assume the total F r is recorded. In total, 720 radio selected quasars were included in the sample.
Stellar objects
To characterise the Galactic stellar sources, we have used a catalogue of F o and F r properties as used by Güdel (2002) (in particular the information presented in their fig. 1 ). The radio measurements of this catalogue are in turn based upon stellar radio detections between 1-10 GHz, as reported by Wendker (1995) . F o measurements in the V band were also obtained by Wendker (1995) from a wide range of sources in the literature at the time. The classes of objects stated in the catalogue were as follows: RS CVn and Algol-type stars; double stars; magnetic stars; BY Dra-type stars; Symbiotic stars; Herbig stars; WR stars; T Tauri stars; PMS stars; and isolated stars. We checked the classifications against the most recent literature and removed any source that were now classed as: X-ray binary; X-ray source; X-ray nova; planetary nebular; QSO; and radio galaxy. We further generalised the subcategories into: Stars, RS CVn, Algol, Young Stellar Objects (YSOs), Variable Stars, Symbiotic Stars and 'other'. CVs were also removed and integrated into the stand-alone CV data (refer to Section 2.5). We note that while we have defined CVs and X-ray binaries as standalone samples, it will be shown in Section 3 that using all the sub-classifications of the stellar sample was not useful.
In total, 534 stellar sources are included. Similar to the quasar sample, using a catalogue approach meant that we can sample all stellar objects in a variety of astrophysical states. We assume this to be true given that no strict selection criteria was imposed by Wendker (1995) , in which optical magnitudes were gathered from a wide range of literature sources.
Isolated neutron stars

Radio pulsars
We have included seven radio pulsars in the sample: Crab pulsar, Vela pulsar, B0540-69, B1509-58, B0656+14, B1133+16 and B0950+08. As simultaneous observations are rare, we have used optical observations of the pulsars performed by Mignani (2011) , paired with radio observations that were compiled in the ATNF Pulsar Catalogue (Manchester et al. 2005 ). The radio measurements are all at 1.4 GHz. Reference details can be found in Table A1 .
Other isolated neutron stars
We also attempted to gather measurements for other types of isolated neutron stars such as magnetars and RRATs. As of writing, the McGill Online Magnetar Catalogue (Olausen & Kaspi 2014) 5 lists four magnetars with radio observations. However, these could not be matched with optical detections and thus were not used. The same is true with RRATs where no optical detections have been made (Dhillon, Marsh & Littlefair 2006; Dhillon et al. 2011 ).
Cataclysmic variables
Gathering a sample of CVs in the context of our project is challenging given the dynamic nature of these objects, which can undergo large variations in brightness over relatively short periods of time. While CVs are commonly persistent sources that undergo flaring events, they are likely to be discovered as new transient events when such a flare is detected above the detection limits. Hence, CVs (along with other classes such as XRBs, SN and GRBs) will significantly move around the F o -F r parameter space, a feature that we explore in this work by gathering a dynamic data sample (Section 2.8).
In total, we have included 17 CVs from a range of sources in a conscious attempt to sample the class during quiescence and flaring events. Of these, 7 are from the stellar sample as discussed in Section 2.3. These are T CrB; V* RT Ser; RS Oph; V 4074 Sgr; HM Sge; PU Vul and AG Peg. All are nova type CVs, and the precise timing between the optical and radio observations is unknown, hence we treat these as quiescent measurements (though this is not certain). The 10 other CVs were gathered as follows. Five nova CVs (Nova Sco 2012, T Pyx, V1500 Cyg, V1723 Cyg and V1974 Cyg) were included from the work performed by Pietka et al. (2015) on studying radio light-curve properties of objects, and are all flaring events. Three novalike CVs that were detected by Coppejans et al. (2015) in the radio at 6 GHz (RW Sex, V603 Aql and TT Ari) that are considered as being in quiescence. Although, one measurement of TT Ari showed a radio flare in one of the author's observations, and hence, has two measurements included in the sample. Lastly, two dwarf nova, SS Cyg and V3885 Sgr, where the former is recorded at the radio peak of an outburst, and the latter is a targeted detection and is considered in quiescence. All these measurements are in the frequency range 2.7-8.6 GHz and the known distances for the objects included range 0.12-5.0 kpc. For the sources outside of the stellar sample, if no published F o measurements were available, the V or R band magnitudes closest to the date of the radio observations, were obtained from AAVSO 6 lightcurves. The measurements of the F o and F r of the sources from Pietka et al. (2015) and those of SS Cyg are within 1 d of each other in time. However the V3885 Sgr measurements are not simultaneous, and are separated by 38 d. The time separation between the F o and F r measurements of the Coppejans et al. (2015) sources was 1 yr, 1 d and 22 d for RW Sex, V603 Aql and TT Ar, respectively. In total, 18 pairs of measurements were used for CVs. Reference details can be found in Table A2 . Five CVs have been included in the dynamic data sample, of which the details can be found in Table 2 and is discussed in Section 2.8.
X-ray binaries
Similar to CVs above, the brightness of XRBs can vary by large magnitudes during flare events and numerous measurements are made (though not all) on the basis of an X-ray transient detection. To build the sample we used two catalogues: the Catalogue of high-mass X-ray binaries in the Galaxy (4 th edition; Liu, van Paradijs & van den Heuvel 2006) (LiuHMXB) and the Catalogue of low-mass X-ray binaries in the Galaxy, LMC, and SMC (4 th edition; Liu, van Paradijs & van den Heuvel 2007) (LiuLMXB). The XRBs with a high confidence radio detection as defined in the catalogues (doubtful radio detections were excluded) along with an optical detection were considered, which meant referring to the literature on the object to determine if there were suitable data. Three types of measurements were used in the sample: (i) radio and optical observations following the discovery of the respective object as an X-ray transient. These observations are commonly performed within days to weeks after the discovery and in this case we record the pair of measurements at the radio peak if possible. (ii) targeted (often in the radio) observations of known XRBs in an attempt to gain a detection, and (iii) long term monitoring (usually at different points in time for radio and optical) for which an average flux density can be recorded. If major flaring occured during the monitoring of the respective source then we did not include the object. Incorporating these different methods also had the advantage of providing a range of measurements over the F r -F o parameter space.
In total, 26 XRB objects were included: 6 from LiuH-MXB and 20 from LiuLMXB. The majority of the measurements (19) were within 1 d of each other, with a further four up to 4 d. The final three were 1 week (2) and ∼20 yr apart (the latter being an average flux density). Reference details for each XRB can be found in Table A3 , along with notes of the circumstance of the used observations. These show that the sample is dominated by flaring events at the radio peak as the majority are follow-up observations as described above. The radio measurements span 1-9 GHz and the distance of the objects span 1-27 kpc . Eight of the XRBs were also included in the dynamic data sample of which details can be found in Table 2 and is discussed in Section 2.8.
Supernovae & Gamma-ray bursts
Our approach for SNe and GRBs was to use the first simultaneous (≤ 1 d) measurements available in the literature. Note that this is not necessarily the first detection measurement available at either wavelength, as these were unlikely to be simultaneous. All the F r and F o measurements included in both samples are ≤ 1 d apart in observation time, with the sample size large enough to avoid including non-simultaneous measurements.
Supernovae
We have used a sample of radio detected core-collapse SNe compiled by Romero-Cañizales et al. (2014) . The sample includes a variety of SNe types: Ib, Ic, II, IIn, IIb, IIP and a full list of the 26 SNe can be found in Table A4 along with references and distances. The measurements range from 3-743 d after the reported explosion dates, with a distance range of 3.4-154.0 Mpc (see Fig. A3 ) and are within the radio frequency range of 4.8-8.6 GHz. From the sample, 15 SNe were also included in the dynamic data sample of which details can be found in Table 2 and is discussed in Section 2.8. The SN sample was compiled with the aid of the valuable resource The Open Supernova Catalog (Guillochon et al. 2017 ).
Gamma-ray bursts
Our GRB sample is based upon a catalogue of radio GRB afterglows that was compiled by Chandra & Frail (2012) . We only used GRBs that had simultaneous F o and F r measurements available. In total we have recorded measurements for 48 GRBs, with details presented in Table A5 . Two of the bursts were short GRBs (defined as SHBs by Chandra & Frail 2012) , which were GRB 050724 and GRB 051221A, with the rest characterised as long GRBs. The measurements range from < 1-26 d post burst, and the sample spans a redshift range of 0.03-4.50 (see Fig. A4 ) and are within the radio frequency range of 1.4-9.0 GHz. Eight GRBs were also included in the dynamic data sample of which details can be found in Table 2 and is discussed in the following Section 2.8.
Dynamic Data
The F r and F o of objects will change over time. This is an important feature to consider since the property could help to reduce confusion between classes when they overlap in the F r -F o parameter space. In addition, the movement also helps to address the flaring or quiescent bias in the sample by showing an object's full range as opposed to a data point at the peak of a flare. A detailed study of how classes of objects evolve in the F r -F o parameter space is beyond the scope of this initial investigation. Nevertheless, we gathered a dynamic data sample based upon our main sample to explore what could be expected. The sources selected were not dependant on any prior set conditions. We judged each object as the main sample was being collected and used those Table 2 . The information regarding the sample of dynamic sources we have used in the investigation. The first and last dates of the measurements refer to the F r measurement. 'Timespan' refers to the total number of days between the first pair of F r and F o measurements and the last. 'No. of data points' refers to the number of simultaneous pairs of F r and F o that were obtained. For further details on the specifics of the sample, such as when measurements began relative to the event being detected, please refer to Section 2.8 and Tables A2, A3, which had long-term (ideally ≥ 1 month) well sampled lightcurves. Simultaneous measurements were still important although we relaxed the time required between measurements to 3 d in order to achieve a good sample size with well sampled light-curves. The sample, of which details can be found in erage of these events range from 2 weeks to 10.5 yr. The only exception of the 3 d pair requirement is the last measurement of GRB 050820A, which were recorded 11 d apart due to lack of simultaneous coverage. Also, three sources have the F o recorded in 'Visible' (V1500 Cyg and V1974 Cyg; both CVs) or 'white filter' (GRB 100418A) as these were the only optical bands available and were judged to be suitable for the dynamic purpose.
The 'state' of the CVs and XRBs in the dynamic sample is not as trivial as for the SNe and GRBs, hence the details of the circumstances of these sources can be found in Tables A2 and A3 . In summary, the five CVs are measurements of outbursts where the first simultaneous measurements occur between 1.3-66 d after the optical maximum or outburst itself. For the XRBs, seven are simultaneous measurements beginning between 3-14 d following the detection of an outburst at X-ray wavelengths. The exception is GX-339 where the measurements monitor the decline of a flare that occurred approximately 1 yr prior. During the decline the source undergoes a small re-flaring in both F r and F o as it transitions from the soft to hard state.
The radio frequencies and optical bands used have been kept as consistent as possible over the dynamic data. In addition, within the coverage of each source the entire lightcurve is in one single radio/optical frequency/band only. We note that such long coverage of objects may signify a unique characteristic of the event. For example, SN 1993J and GRB 030329 represent some of the brightest radio events of their classes. Thus, while these sources offer a good example of how classes are likely to evolve, they are not fully representative. Quasar (OPTICAL Sel.) Quasar (RADIO Sel.) Stellar CV Radio Pulsar X-ray binary GRB Supernova Figure 2 . Denoted by solid red lines is the boundary for which our sample is the most 'complete', i.e. those sources (plotted in colour) which are brighter than a R magnitude of 22 in the optical (the SDSS 95% completeness) and 1 mJy in the radio (the sensitivity limit of the FIRST survey). Also plotted are the limits that define the region that will be explored by the MeerKAT and MeerLICHT telescopes in the radio and optical respectively. 
Description of the base result
The plot shown in Fig. 1 provides an overview of where each class of object, given our data and its limitations, typically lies in the F r -F o parameter space. We have converted the optical magnitudes to millijansky units in order to make a direct comparison to the F r measurements (an optical magnitude axis is provided at the top of the figure for reference). This was done using the zero flux point of 3631 Jy as we had converted all magnitudes, where appropriate, to the AB system. A series of lines are also displayed on the plot. the slope of a constant F r and F o ratio (the ratio values are also labelled on the plot for each line). This means that if a particular source was moved closer to Earth, or further away, it would move on the plot along this gradient. Second, the arrow in the lower right-hand section of the plot demonstrates the movement an object could undergo with a reddening equal to 5 mag. Third, and most importantly, there are lines signifying the flux density limits of the surveys used to gather the optically selected quasars, which has a large influence on the result. The horizontal line indicates the 1 mJy source detection threshold of the FIRST survey. The two vertical lines denote the SDSS saturation limit (14 mag, R band) and the SDSS 95 per cent completeness limit (22 mag, R band). As can been seen in Fig. 1 , the limits greatly impact the ability to separate classes, especially in the case of the quasars where the abrupt 1 mJy limit of the FIRST survey artificially isolates the GRBs. The reliance on the FIRST survey makes this unavoidable and we specifically address this problem in Section 4.1.
Considering the limits, Fig. 2 signifies the region of the plot that is considered the most complete area of the sample, i.e. the area contained by the limits of FIRST and SDSS which are shown by solid red lines, along with sources in the 'complete area' being presented in colour. Also on Fig. 2 we have shown estimates of the region that will be explored by MeerKAT and MeerLICHT, assuming a 1 h, 5σ MeerKAT sensitivity of 23.5 µJy (Taylor & Jarvis 2017) and a 5 min optical depth of 22.3 mag (r-band) for MeerLICHT (Bloemen et al. 2016) . Fig. 3 presents a schematic version of the full area of the plot in Fig. 1 , to further illustrate the areas of certain classes. It is created by placing ellipses centred on the median points of the respective populations data and then manually sized to enclose the majority of the populations. As such, Fig. 3 is primarily meant as a visual demonstration, and is presented with the same caviet as discussed above in that the quasars would extend into the GRBs with a more complete sample.
From Figs. 1-3 , we see that there is a good separation between Galactic and extragalactic populations in our dataset both in the 'complete' and overall regions. On the right half of the plot reside the stellar and CV populations, while classes such as quasars and GRBs typically reside on the left hand side. SNe are mostly placed between these two Galactic and extragalactic populations. The same is true of the XRBs however they are much more chaotic and span a large region that reaches the extragalactic area, highlighting the very dynamic nature of these objects. The Galactic/extragalactic separation is likely due to the detected radio stellar objects in our sample being relatively nearby (hence their detection), therefore they appear bright in the optical. Note that we do not attempt to further sub-classify the stellar sources, using the information from the dataset (see Section 2.3). As shown in Fig. 4 , the subclasses of the stellar sample did not offer any distinct separation, hence we remained with the global 'stellar' definition. Fainter in F o are the GRBs which are currently well separated from the rest of the classes due to the FIRST 1 mJy limit as previously discussed (we attempt to address this in Section 4.1), although the GRBs themselves are relatively clustered together. As for the quasars, there is no distinction between the optically and radio selected samples, with the radio sample occupying the radio-bright section of the former. Hence, from here on we group the two samples under one class of 'quasars'. Lastly, the majority of the radio pulsar population are positioned to the far left-hand side of the plot due to their faint F o . The faintness of the radio pulsars in F o means that they are not contaminated by other classes in our current dataset, although again, this is largely due to SDSS optical limit. We note that the discussed distinctions are primarily due to the F o , though this was our original aim. The F r becomes important once we consider sources beyond our current limits (Section 4.1).
Dynamic characteristics
The results of the dynamic data have been split over two figures: the upper panel of Fig. 5 shows paths which are traced out by the 38 objects, grouped by class, of the dynamic data sample (detailed in Section 2.8 and Table 2 ), overlaid on a 'greyed-out' version of Fig. 1 . The lower panel of Fig. 5 shows only the 'start' and 'end' points of the tracks with respective labels linking the data points of an individual source. The nature of the sample means that the 'start' and 'end' refer to different points in the time line of the event respective to one another. Hence, for a more detailed view, the individual tracks from each class of object (with the exception of the quasars) are shown in Fig. 6 . In this figure, the tracks are labelled with the number of days that have elapsed since the first observation in the case of CVs and XRBs, or the number of days after the explosion date for SNe and GRBs (the non-standardised reporting of 'day 0' for XRBs and CVs is the reason for the difference). A reminder that the timespan of the objects range from ∼2 weeks to 2 yr (with the exception of BL Lacerate which covers 10 yr) and that each track uses only a single frequency or optical filter. Overall, from Fig. 5 the majority of classes appear to evolve within the static areas as discussed in the previous section ( Fig. 1  and 3 ). This can largely be seen by looking at the 'start' and 'end' points in the lower panel of Fig 5. The exception to this is the SNe which brighten in the radio considerably during their evolution. The XRBs also still have a large overlap with other classes, especially SNe. Below we expand on the features of each class.
Accreting sources
Starting with the two quasars, for which 3C 454.3 is the source brighter in the radio with BL Lacertae below, it can be seen that these move very little over time in F r relative to the other classes presented in the figure. In both cases, the two quasar objects do not show large relative flux density variation events like those seen in other classes, in addition to varying back and forth rather than following a clear track. 3C 454.3 is monitored for 630 d which is similar order of magnitude to the timespan covered by three CVs and one SN, which show much more variation over the same timescale. As the quasars are quite static on the plot they are not displayed in Fig. 6 .
The CVs appear quite uniform in their dynamic characteristics. Initially detected as bright optical objects, the brightest in the dynamic sample, they proceed to decrease in F o while the F r rises and falls again. The sources follow a simple model in which the optical flare evolves more rapidly than the radio resulting in an 'anti-clockwise loop' appearance of the track. This is a characteristic that is shared with other classes on the plot such as GRBs and SN. Hence, anticlockwise loops are a common occurrence. The 'start' of the measurements in the sample occurs 1-2 months after the optical detection, i.e. when the first radio detections were made, and therefore the optical is seen to decline. The exception to this is SS Cyg, the dwarf nova, that was observed in radio rapidly (1.3 d) after the detection of an optical flare. The radio flare from SS Cyg also rose and faded quickly as seen by its track.
The tracks of the XRBs are less uniform and reflect the overall sample characteristic of appearing at a diverse range of areas on the plot, both in start and end points. As stated in Section 2.8, most of the sources are observed in a declining state after the detection of an X-ray flare, and a rapid decline in both F r and F o is what is most commonly seen on the plot. Although the F o of GS 1124-684 remains steady during the radio decay and experiences a re-flaring in the radio. A rise in F r is detected in three sources: GRO J1655-40, GX 339-4 and XTE 1859+226. GX 339-4 after the radio rise mimics the steady decline of the other sources, however the other two sources show more complex behaviour. GRO J1655-40 continues to rise in F o while the F r , rises, peaks and decays all during this period, hence why it is the only XRB to end brighter in F o in the sample. XTE 1859+226 on the other hand experiences many smaller radio flares during the optical decay, hence its erratic appearance, though it should be noted that this is data from the Green Bank Interferometer (GBI) database and therefore the sampling of the radio light-curve is very frequent compared to other sources (the source contains 42 pairs of measurements over 2 months compared to 16 for the next most sampled source).
Explosive events
SN would be expected to follow the anti-clockwise motion as discussed with the CVs, and two SN show a very good example of that, 1993J (type II) and 1994I (Ic). They both rise steadily in the radio band, with only a slight increase, Optical AB magnitude (mag) Figure 6 . The tracks of individual sources in the dynamic sample plotted per class. The start and end of each track is denoted by a green and red ring around the data point, respectively. Also on every start, end and every third data point (this frequency varies due to avoid congestion on the plot) is the number of days that has passed. For CVs and XRBs the day 0 refers to the first observations, however for GRBs and SNe it refers to the explosion date. Upper left: XRBs, upper right: CVs, lower left: SNe and lower right: GRBs. Please refer to and then decrease, in the optical band. The reverse scenario then becomes true for the later part of the tracks where the F r changes slower than the now decreasing F o . Generally, SNe follow this trend, and from the first pair of measurements, the track will tend to proceed in the upper-right direction, i.e. brighter in F r and F o before looping around in the anti-clockwise motion. However, there are some SNe that behave differently. For example, SN 1998bw (Ic) moves instead in a tight clockwise motion. This is due to SN 1998bw experiencing a rapid rise to its peak F r (∼10 d), compared to, for example, SN 1994I (∼20 d) as seen in Fig. 6. SN 2009bb, another type Ic, also shows a steady decline after 12 days, suggesting a similar event to that of SN 1998bw. SN 2007bg (Ic) is unique in that it appears very near the GRB region and also initially mimics the track 'shape' of other GRB sources. A year after discovery, persistent strong radio emission detected by Prieto, Watson & Stanek (2009) suggested that SN 2007bg could be a good candidate for an off-axis GRB. Although this was later deemed unlikely with further analysis by Salas et al. (2013) , the plot could prompt this suggestion from the track shape and placement.
The GRBs also follow an anti-clockwise motion, though with a much more muted rise in F r than seen in SNe, and also are mainly all contained within the previously defined GRB area of the plot. Two sources stand out: GRB 030329, which appears to be very bright in the radio, and GRB 060218 that does not follow the common GRB track trajectory of a slowly decaying radio source. Instead it decays in the radio very swiftly. First, GRB 030329 was a nearby afterglow (z = 0.1685, 587 Mpc; Greiner et al. 2003) and at the time was the brightest GRB afterglow in the radio ever observed. Thus, its position on the plot is boosted in F r such that it transits the quasar area. If the GRB was moved further away, e.g. the same as GRB 100418A (z = 0.624, 1.4 Gpc; Antonelli et al. 2010) , the 10 mJy flux density becomes ∼1 mJy -consistent with the other GRBs in the sample. Due to its brightness and well sampled light-curve, the anti-clockwise nature of the track can be clearly seen. GRB 060218 on the other hand is defined as an X-ray flash (XRF), and had unique properties in that it was relatively nearby (z = 0.0335, ∼145 Mpc) and the burst itself lasted a long time (∆t ≈ 2,000 s). Indeed, Soderberg et al. (2006a) showed that the event was a hundred times less energetic but ten times more common than cosmological GRBs.
The dynamic data sample has shown how taking into account how a discovered object evolves over time -considering the time scale of change and the positioning -could potentially aid the ability to separate classes where confusion occurs. This is discussed further in the following sections.
DISCUSSION
We have presented a representation of the F r and F o measurements for a wide range of transient and variable sources, showing that it is possible that this information alone can differentiate between Galactic and extragalactic populations. Here we give more detailed discussion of the obtained results.
First, given how the data is presented in Fig. 1 , we believe the range of radio frequencies does not have a negative impact. For example, assuming a canonical spectral index of α = −0.8 (for optically thin synchrotron emitting sources; Kellermann 1966), a 1 Jy source at 1 GHz becomes ∼0.2 Jy at 10 GHz, a one order of magnitude change. A difference of two orders of magnitude would mean α = −2.0. Hence, given the populations we are sampling (likely α ∼ −0.8), a spread of one order of magnitude does not impact our ability to differentiate classes. We also note that we have not considered measurement uncertainties when compiling our results. We believe that because of the nature of what we are investigating, the intrinsic spread of each population in the F r -F o parameter space has a much greater influence than that of measurement error. We also acknowledge that the dataset created in this investigation is a biased sample, due to the many different sources used to build it. At this initial stage of the project, we do not attempt to un-bias the data due to the complexity of the task. Though, we acknowledge that correcting for the biases is an important future step in constructing more detailed models from the dataset. Lastly, we have not corrected our optical sample for extinction. If this was accounted for, it would cause sources to shift left along the x-axis only, as denoted by the red arrow on Fig. 1 . We did not wish to 'de-redden' our sample as we wanted to probe measurements that are directly observed, such that the dataset could potentially be used as soon as observations are recorded.
As for the different parameters considered discussed earlier in Section 3 -we first considered using the ratio of F r /F o and plotting this against F r . As can be interpreted from our final choice, this ratio value also allowed us to somewhat separate classes, especially in the case of Galactic or extragalactic objects. Fig. 7 shows the distribution of F r /F o for each class of object. However, this representation did not offer any advantages over plotting the F r and F o against each other and hence was not used in the final plot. Another parameter that was tested was optical colour, which we had originally attempted to obtain, although the total percentage of the sample for which colour was obtained varied largely per class (99 per cent of the quasar sample, 75 per cent of the SNe, 40 per cent of CVs, 25 per cent of the GRBs and 20 per cent of the XRBs). We found that plotting optical colour versus F r , or versus the ratio of F r /F o , greatly hindered our ability to separate different classes of objects. This was primarily caused by the narrow range of optical colour values, which limited the parameter space in which the classes could be separated. For example, with this parameter we could no longer distinguish Galactic and extragalactic populations. Hence, due to this and the limited available data we did not pursue optical colour any further at this time.
Extending the sample beyond the current limitations
As discussed previously, the location of quasars on the plot is currently not a complete representation and greatly impacts the ability to identify areas where classes are separated. This is due to the sensitivity limits of the surveys we have used to build our sample, in particular, the SDSS 95 per cent completeness limit of ∼ 22 mag, and the FIRST source detection threshold of 1 mJy (refer to Section 2.2). The populations would exceed these limits when observed with improved sensitivities, and therefore extend into areas where other classes are present -causing confusion. A similar notion could be applied to the stellar sample, as this will be another general class of a large size that will continue to be detected as observations probe deeper. Extending the quasar sample with telescope data is currently challenging given the lack of wide-field radio surveys that probe deeper than the FIRST limit. One of the larger surveys that has probed deeper is a survey of the SDSS 'Stripe 82' area of sky at high-resolution using the VLA at 1.4 GHz done by Hodge et al. (2011) . The survey covers 92 deg 2 with a median rms noise of 52 µJy beam −1 . The SDSS Stripe 82 survey consists of 275 deg 2 of sky that was visited multiple times by the SDSS camera, and hence reaches ∼ 2 mag deeper than the areas with single visits (Annis et al. 2014) . As part of the radio survey, Hodge et al. (2011) discovered 76 new radio quasars by cross matching with the SDSS data. The left panel of Fig. 8 shows the discovered faint quasars added to our plot, where it can be seen that the sources appear directly below our quasar sample, where previously the GRBs were isolated.
While the Stripe 82 quasars begin to show how the quasars will extend, we can further demonstrate the effect of deeper sensitivities by showing how the current sample would appear if the distance from Earth was increased. The optically selected SDSS quasars are shifted such that the flux density measurements are approximately 10 and 100 times fainter (moved in distance by a factor of √ 10 and 10 respectively). As the redshifts for the quasars are known from SDSS, we were also able to apply a K-correction and correct for bandwidth stretching. The luminosity with the corrections applied is
where L is the luminosity, F is the flux density, d L is the luminosity distance, z is the redshift and α is the power-law spectrum index. For the radio we use the previously defined canonical value of α r = −0.8 and the for the optical a value of α o = −0.44 (Vanden Berk et al. 2001) . For the stellar population, our sample includes parallax distance measurements for 451 of the 534 stellar objects plotted, for which the median value is 142 pc. Thus, we use this information to increase the distance of these stellar objects by 1 kpc. The results of these shifts can be seen in the right panel of Fig. 8 . The extension of the quasars completely covers the area of the plot that was previously only occupied by GRBs, along with approaching the pulsar region. This suggests that when observing beyond the limits of our current sample, it will prove difficult to differentiate a GRB from a quasar with a single pair of measurements. The stellar sources extend down to an F r of 1 µJy, with some sources going beyond this value. The region below the stellar sources on the basis plot was empty, hence, unlike the quasars, the extension of the stellar sources does not cause confusion with other sources. It is worth noting that the distinction between quasars and stellar sources, i.e. Galactic and extragalactic objects, remains relatively clear. However, the F r becomes much more relevant when determining the Galactic-extragalactic boundary. The extended stellar sources have similar F o to that of the original quasar sample, hence the F r becomes a useful differentiator between the classes. 
Transient diagnostic application
To help demonstrate the use of the current dataset to provide an initial class approximation of radio sources, we perform a small scale blind test using a catalogue of variable and transient radio sources discovered in the FIRST survey, as compiled by Thyagarajan et al. (2011) (hereafter the 'T11 sample'). We impose the following criteria on the sources we select from the catalogue:
(i) sources must have a defined SDSS i-band magnitude, which are mostly gathered by the authors from the SDSS DR7 catalogue. SDSS-r band would be more ideal but for the purposes of the test, plus to keep within the already done cross matching, the SDSS-i is adequate enough for our use.
(ii) only sources which are not flagged as being in the vicinity of another source brighter than 500 mJy.
The authors also attempted to classify the candidates by cross-matching with a variety of catalogues and databases. The sources are labelled as either transient or variable. For the test we select the candidates that have the classifications as defined by the authors of:
SDSS-* -an unclassified SDSS counterpart (transient and variable).
SDSS-QPO (S) and (P) -quasars from the SDSS spectroscopic (S; Schneider et al. 2007 ) and photometric (P; Richards et al. 2009 ) quasar catalogues (only contain variables).
SDSS-GAL -objects classified as galaxies in SDSS (select transients only).
Tycho-Star -counterpart found in the Tycho star catalogue (Høg et al. 2000, only contain variables) .
HIP-Star -counterpart found in the Hipparcos star catalogue (Perryman et al. 1997 , only contain variables).
We do not consider SDSS-Gal variables due to these sources effectively being already classified, in addition to our previ- ously stated desire to focus on optically point-like transient or variable objects. However, it should be noted that radio transients may appear coincident with extended optical objects, but can be difficult to associate the two unambiguously. Hence, this scenario would not be ignored in a blind search. For the purposes of our test we define our own categories of:
Unclassified (Variable) (SDSS-* variables).
SDSS-QSO (Variable) (SDSS-QPO S,P variables).
Star (Variable) (Tycho/HIP-Stars, variables).
SDSS-Gal (Transient). Unclassified (Transient) (SDSS-* transients).
In total we include 198 objects in our testing sample, the by-category totals can be found in Table 3 . We plot the F r and F o values of the 198 transient and variable objects onto the basis diagram, for which the result is shown in Fig. 9 . We see an agreement with the classified 'Star' and 'QSO' objects, in that they lie within the stellar and quasar regions respectively, a distinction that could have been possible without the prior classifications. This is the immediate first advantage of the basic method -the separation between Galactic and extragalactic objects -at least in the sample we currently have available. It is a promising first step of using such a photometric method to provide a swift classification, Figure 9 . The result of plotting the selected radio transients and variables from the FIRST survey (Thyagarajan et al. 2011) , categorised by their highest ranked counterpart at other wavelengths deduced by the authors of the catalogue, upon a 'greyed-out' version of the basis plot. Please refer to the online print for a colour version of the figure. and also a useful property. In a scenario with a high yield of transient sources, the basic distinction could be used to direct further follow-up. Although, classifying deeper than this is challenging, and in the current form of the method, attributing a definitive class is not possible. Without the prior classifications from the T11 sample, it would be difficult to firmly identify an object that might not belong to the quasar population. Though, it should be noted that the majority of these sources are likely to be quasars, and are classified as such by both methods. One exception is the optically very faint 'Unclassified variable' that is noticeably separate from the main quasar cloud near the pulsar region, but even so, it is again more than likely to be part of a optical faint quasar population. Given the current data, this would be an example of a source to be initially followed up. If the T11 sample was not using the FIRST survey then we may have seen some objects below 1 mJy, making such objects more likely to belong to the GRB population. Unlike the sub-stellar populations, it may be that the extragalactic areas of the plot have areas of a specific class, such as GRBs or SN, which do seem to be grouped, despite the inevitable extension of the quasar population (Section 4.1).
Future steps
Building a probability model using the dataset is the natural progression of this work, and would continue to see advancement and refinement with the addition of further data over time. Accounting for the bias of the extremely diverse dataset is, again, important for this step, but complex. Though, in its current form, we believe the dataset already offers usefulness in gaining an initial diagnostic.
Combining this method with other techniques and external knowledge can only enhance its accuracy. We previously showed how a sample of sources evolve on the plot over time (Section 3.2) . A more thorough analysis of this feature may unveil trends unique to certain classes that could be recognised by an algorithm within the F r and F o parameter space, meaning that new sources could be classified with a high probability and minimal monitoring time (though the 'minimal monitoring time' would also need to be established). This would also open up cross examining the rise/decline times of the events in question with existing classification techniques both the radio (Pietka et al. 2015 (Pietka et al. , 2017 and optical (Kasliwal 2011). Knowledge such as whether the optical counterpart is an extended object, or if the object was present in historical catalogues is also simple information that offer clues as to the associated class. In time, the addition of a third parameter (e.g. X-ray flux density) could also be achieved.
We stress and remind that we are assuming an era where the rate of detected radio transients and variables is much greater than it is at present. Obtaining a spectrum of a counterpart will usually provide the most definitive clue of an objects associated class. Though with potentially hundreds or thousands of candidates, a spectra may not be feasible to obtain swiftly in order to be fed into ongoing observation strategies with specific science goals. The presented F r -F o method is purposely simple for it is an initial analysis of what can be achieved with current F r -F o data. The simple test performed above shows that it is difficult to obtain precise classifications outside of being Galactic or extragalactic. But, advancing the F r -F o dataset itself, along with combining the method with other information and techniques, can provide an important initial diagnostic method in a future classification system.
CONCLUSIONS
We have presented an initial study of the optical counterparts to a wide range of radio transients and variables, with the eventual aim of using such a dataset to help classify a blindly detected radio event. We collected a sample consisting of 12,441 pairs of F r and F o measurements from seven classes of astrophysical objects, including populations such as quasars, GRBs, CVs and SNe. These measurements were recorded by numerous radio and optical facilities, at frequencies ranging from 1-10 GHz and optical filters V and R. The dataset has a significant bias due to the diverse range of classes of object and sources of information. However, our approach at this stage was to provide an early assessment, meaning that we do not yet tackle the complex biases.
We found that comparing the F r and F o measurements of each object provided a useful separation between Galactic and extragalactic sources. Radio emitting stars and CVs, for example, are distinctly in a different area to that of quasars and GRBs. However, differentiating between distinct individual classes with a high accuracy is challenging. Types of stellar sources were found to be impossible to separate, but pulsars and extragalactic sources such as GRBs were found to be isolated. Although, the isolation is caused by the limitations of our sample, specifically the detection limit of the FIRST survey used for quasars. Fainter radio quasars beyond this limit will lead to confusion with previously isolated classes. We also investigated how a sample of 5 transient/flare CV events, 8 XRB transient/flare events, 15 SNe, 8 GRBs and 2 quasars evolved in the parameter space over time -a possible unique feature that could be used to provide more accurate classifications with minimal monitoring. We showed that CVs, SNe and GRBs follow similar 'tracks' in the parameter space, in that they generally follow an 'anticlockwise' loop on the plot -a motion that would be repeated for any class that follows a model of the optical flare evolving more rapidly than the radio. XRBs on the other hand are quite varied in nature where as quasars tend to move relatively little over the same time frame. Lastly we used a sample of radio transients and variables identified in the FIRST survey to highlight the features discussed above.
The next step of our investigation will be to use our dataset to provide a probability of an object belonging to a class, for which it is also important to understand the biases. Though in its current form, the dataset can already provide a useful first estimate of a discovered source, albeit crude. However, once used alongside other classification techniques and information it is likely to help provide accurate predictions. In addition, the method can also be iterated on and improved as further simultaneous multi-wavelength data is recorded. For example, the MeerLICHT project, which will provide simultaneous optical data to MeerKAT radio observations, is a unique opportunity for a detailed dataset in the near future. A need for a classification system assumes an era in the future where a high number of radio transients and variables are regularly being blindly detected. Ideally these systems would be automatic, likely using machine learning techniques and subsequently able to make appropriate decisions on further follow-ups depending on the science goals. This paper has made use of up-to-date SMARTS optical/near-infrared light-curves that are available at www.astro.yale.edu/smarts/xrb/home.php. The Yale SMARTS XRB team is supported by NSF grants 0407063 and 070707 to Charles Bailyn.
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Funding for SDSS-III has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Science Foundation, and the U.S. APPENDIX A: SAMPLE FREQUENCY/BAND DISTRIBUTION AND REFERENCE TABLES Fig. A1 shows the distribution of the radio frequencies and optical bands used for the sample, for each class of object. The redshift distribution of the quasar sample is shown in Fig. A2 , followed by the distribution of the parallax distance measurements of the stellar sample in Fig. A3 . Fig. A4 shows the redshift distribution of the GRB sample. Tables A1, A2 , A3, A4 and A5 provide the references for the F o and F r measurements for our sample of radio pulsars, CVs, XRBs, SNe, and GRBs, respectively. This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure A3 . The distribution of the parallax distance measurements of the stellar sample compiled using the data presented in (Güdel 2002) . Table A1 . The radio pulsars that are included in the sample. The radio measurements and distances were gathered with the use of the ATNF Pulsar Catalogue (Manchester et al. 2005 Lorimer et al. (1995) 02.6 Table A2 . The CVs that are included in the sample. The first section contains CVs obtained from the Stellar sample (see Section 2.3). The second section contains CVs obtained from the data contained in Pietka et al. (2015) which are all flaring nova events. The third section are two sources gathered manually and the final section contains CVs from Coppejans et al. (2015) . (2015) . Below the table are notes on individual sources regarding the circumstance of the F o and F r measurements used. If no note is present for a source it can be assumed to be in quiescence. Table A3 . The XRB sources that are included in the sample. The sample was gathered with the use of two catalogues: the Catalogue of high-mass X-ray binaries in the Galaxy (4 th edition; Liu et al. 2006) , that accounts for the first section of the table, and the Catalogue of low-mass X-ray binaries in the Galaxy, LMC, and SMC (4 th edition; Liu et al. 2007 ) which accounts for the second section of the Figure A4 . The distribution of redshifts of the GRB sample. Refer to Table A5 for the references of the redshift measurements.
